Event-related potentials (ERPs) were used to investigate the online processing of tone and intonation in Mandarin at the attentive stage. We examined the behavioral and electrophysiological responses of native Mandarin listeners to Mandarin sentences, which contrast in final tones (rising Tone2 or falling Tone4) and intonations (Question or Statement). A clear P300 effect was observed for question-statement contrast in sentences ending with Tone4, but no ERP effect was found for question-statement contrast in sentences ending with Tone2. Our results provide ERP evidence for the interaction of tone and intonation in Mandarin, confirming the findings with behavioral metalinguistic data that native Mandarin listeners can distinguish between question intonation and statement intonation when the intonation is associated with a final Tone4, but fail to do so when the intonation is associated with a final Tone2. Our study extended the understanding of online processing of tone and intonation (1) from the pre-attentive stage to the attentive stage and (2) within a larger domain (i.e. multi-word utterances) than a single word utterance.
Introduction
In spoken language processing, different aspects of linguistic information are involved, such as lexical, semantic, syntactic and prosodic information (Friederici, 2002; Isel et al., 2005) . Among these aspects, prosodic information, especially pitch information, has been shown to be indispensible for spoken language processing in tonal languages such as Mandarin (e.g., Li et al., 2011) . Tone and intonation have been considered the two most significant prosodic features of Mandarin speech (Tseng and Su, 2014) . At the lexical level, F0 is employed to differentiate the four lexical tones (Tone1 -high-level, Tone2 -mid-rising, Tone3 -low-dipping and Tone4 -high-falling), which contrast lexical meanings (Cutler and Chen, 1997; Yip, 2002) . At the sentential level, F0 is also used to convey post-lexical information, for example, intonation types (e.g., question intonation, statement intonation) (Ladd, 2008) . Although other acoustic correlates (such as duration, intensity and phonation) have also been shown to contribute to cue tonal and intonational contrasts (Garellek et al., 2013; Hu, 1987; Shi, 1980; Xu, 2009; Yu and Lam, 2014) , F0 has been identified as the primary acoustic correlate of both tone and intonation in Mandarin (Ho, 1977; Shen, 1985; Wu, 1982; Xu and Wang, 2001; Xu, 2004) . It may therefore not be surprising that tone and intonation interact with each other both in production and perception.
The interaction of tone and intonation in Mandarin has aroused great interests among researchers, and several models or theories have been put forward based mainly on acoustic data since the first studies on the topic by Chao (Chao, 1929 (Chao, , 1933 . Of these acoustic studies, a general belief is that question intonation has higher F0 than statement intonation (Cao, 2004; Gårding, 1987; Shen, 1989; Wu, 1996) . However, there is controversy about the temporal scope of such higher F0 in question intonation. Two alternative views have been established. One holds that there is an overall F0 rising of sentences in questions compared to statements (Ho, 1977; Shen, 1989; Yuan, 2011) . The other claims that the F0 difference between questions and statements is more pronounced towards the end of the sentences (Kratochvil, 1998; Liu and Xu, 2005; Xu, 2005; Peng et al., 2005) . Different from the above acoustic studies, Liang and Van Heuven (2007) conducted intonation perception experiments with a seven-syllable-sentence containing merely high-level tone syllables. They manipulated both the overall pitch level of the sentence and the pitch level of the final tone. Results showed that manipulating the final rise has a much stronger effect on the perception of intonation type than manipulation of the overall pitch level, indicating that the F0 of the final tone is more important than that of the whole sentence for intonation perception.
Not unique to Mandarin, the final rise has been shown to be a language-universal perceptual cue for question intonation 
